INTRODUCTION
Shigella is a major cause of dysentery worldwide. A prospective multicenter study carried out between 2000 and 2004 on 600,000 people in six Asian countries (Bangladesh, China, Pakistan, Indonesia, Vietnam, and Thailand) showed that Shigella was isolated from the stools of 5% of subjects with diarrhea. However, mortality rates were falling, due to improvements in childhood nutritional status and more rapid access to primary care and antibiotics in these developing countries. 1 French Guiana is an administrative area under the French jurisdiction in a tropical environment. It has a young population of multiple ethnic origins. In 2012, almost 44% of the population was under the age of 20 years. 2 Enteric diseases are a major public health problem. The socioeconomic level of this area, lower than that in mainland France, and the difficulty obtaining clean running water in some areas contribute to the presence of Shigella in French Guiana.
Only a few cases of shigellosis during pregnancy have been reported. Markham and others provided the first description of a case of maternal septicemia associated with intrauterine infection. 3 Armor and others described a case of chorioamnionitis at term associated with neonatal bacteremia and pneumonia. 4 Rebarber and others described a case of shigellosis complicating premature membrane rupture and leading to congenital infection and preterm birth at 25 weeks and 6 days of gestation. 5 Ruderman and others described a case of shigellosis due to S. sonnei during the immediate postpartum period, associated with asymptomatic neonatal bacteremia. 6 We carried out a retrospective descriptive study of cases of shigellosis diagnosed in pregnant women. We aimed to describe the possible obstetric and neonatal complications and to determine the antibiotic resistance profiles of the isolates.
METHODS
We studied 37 cases of shigellosis diagnosed in pregnant women at the maternity unit of Saint-Laurent du Maroni Hospital between 2000 and 2014. Shigellosis was diagnosed on the basis of maternal stool cultures for 34 patients and cultures of neonatal samples for three neonates (two stool cultures and one gastric sample). We searched the medical files of the patients to determine the clinical presentation of the episode of shigellosis, the way in which it was managed, whether any antibiotics were prescribed, and the occurrence of any obstetric, neonatal, or general complications. Hospitalization was defined as a stay in hospital for more than 24 hours. Management was considered to be ambulatory in all other cases. A risk of late miscarriage was defined as a combination of uterine contractions and cervical changes occurring between 14 and 22 weeks of gestation. A risk of preterm birth was defined as a combination of uterine contractions and cervical changes occurring between 23 and 37 weeks of gestation. Preterm birth was defined as delivery before the completion of 37 weeks of gestation. We collected biological tests to determine the blood formula, C-reactive protein concentration, blood ionogram, and creatinemia of the patients. For each positive bacteriological result for Shigella, we described the species of the isolate obtained and its susceptibility to antibiotics. The stools were used to inoculate selenite broth (Biorel ®
AU2
) and Hektoen and SalmonellaShigella agar (BioMérieux ® ). We assessed the susceptibility of the Shigella isolates to 18 antibiotics with the VITEK 2 Compact system (BioMérieux) in accordance with the recommendations of the Société Française de Microbiologie. The isolates were typed with three polyvalent sera for the identification of the most frequent serotypes: a serum directed against indole-negative Shigella dysenteriae (BIORAD ® ) agglutinating serotypes 1, 3, 4, 5, and 6; an anti-Shigella flexneri serum (BIORAD) agglutinating the six serotypes of this subgroup; and a serum directed against Shigella sonnei (BIORAD). This AU3 study was carried out with the approval of the local ethics committee of the Saint-Laurent du Maroni Hospital.
RESULTS
Characteristics of the study population. The characteristics of the study population are summarized in first trimester of pregnancy, four were in the second trimester, and 31 were in the third trimester (22 before 37 weeks of gestation and nine already beyond 37 weeks of gestation).
T1
Clinical presentation and biological expression of the episodes of shigellosis. The clinical presentation and biological expression of the episodes of shigellosis are summarized in Table 1 .
Diarrhea was present in 97% of cases (N = 36/37) and was associated with abdominal pain in 17% of cases (N = 6/36). Maternal fever (core temperature > 38.5°C) was objectively documented in 43% of cases (N = 16/37). The stools of the mother were bloody in 24% of cases (N = 8/34), mucoid in 18% of cases (N = 6/34), and liquid in 50% of cases (N = 17/34). None of the women had severe dehydration requiring intravenous fluid administration.
Course of the episodes of shigellosis. Thirty-three patients (89%) were hospitalized and four patients (11%) were managed as outpatients. The mean hospital stay was 4.8 days (standard deviation = 2.2 days). Antibiotic treatment was administered to 86% of the patients (N = 32/37). The treatment was initiated before the susceptibility test result was obtained and was based on a combination of amoxicillin and clavulanic acid in 66% of cases (N = 21/32), ceftriaxone in 25% of cases (N = 8/32), and amoxicillin, secnidazole, or ofloxacin in 9% of cases (N = 3/32). Four patients were treated empirically with an antibiotic to which the strain isolated from the stools was subsequently found to be resistant (in three cases, the isolate was resistant to the combination of amoxicillin and clavulanic acid, whereas the isolate from the remaining patient was resistant to amoxicillin alone). Once the results of the antibiogram became available, the treatment was switched to ceftriaxone in two of the patients infected with strains resistant to the amoxicillin and clavulanic acid combination. Seven patients were treated empirically with an antibiotic to which the infecting strains displayed intermediate susceptibility (amoxicillin/clavulanic acid in each case). Once the antibiogram results became available, the treatment was changed in four patients: to ceftriaxone in two cases and to ofloxacin and cefixime in one case each. The obstetric and neonatal complications are presented, by initial treatment, together with the obstetric complications as a function of term, in T2 Table 2 . No local or systemic complications were observed. No obstetric complications were observed in the two patients diagnosed during the first trimester of pregnancy. Two of the four patients diagnosed during the second trimester of pregnancy presented a risk of late miscarriage at 17 weeks and 5 days of gestation and at 22 weeks and 5 days of gestation. Tocolytic treatment was administered and the outcome was favorable. Three (14%) of the 22 patients diagnosed during the third trimester of pregnancy, at a term of less than 37 weeks of gestation, had uterine contractions in the absence of cervical changes, and 12 (55%) presented a risk of preterm birth. Despite tocolytic treatment, three (25%) patients at risk of preterm birth gave birth prematurely. The first of these patients presented febrile diarrhea. She gave birth at 33 weeks and 3 days of gestation, with no complications other than intrauterine growth retardation. The second patient presented febrile diarrhea and was carrying twins. At 32 weeks and 4 days of gestation, the pregnancy was complicated by the death in utero of one of the twins and the birth, on the same day, of the second twin. The third patient underwent a cesarean section at 35 weeks and 2 days of gestation, due to a fetal heart rate anomaly in the context of diarrhea. All but one of the nine patients diagnosed at a term exceeding 37 weeks of gestation gave birth at the maternity unit. The remaining patient gave birth at home. On the third day postpartum, two of the neonates presented episodes of diarrhea with no signs of dehydration or associated fever. In both cases, the mother had febrile diarrhea at the time of delivery. Cultures of stools from the neonates demonstrated the presence of S. flexneri and S. sonnei. A stool culture was carried out for one of the mothers, but was negative. The clinical course after oral rehydration was favorable for the two neonates, with no need for antibiotic prescription. The third case of mother-to-child transmission was demonstrated by a gastric sample that was positive for S. flexneri. The sample was taken in the framework of a neonatal bacteriological evaluation. Neither the neonate nor the mother had clinical symptoms. No maternal stool culture was carried out. A risk of late miscarriage or preterm birth occurred in 35% (N = 6/17) of patients treated with a drug to which the infecting strain was susceptible before 37 weeks of gestation.
Patients not receiving appropriate treatment (i.e., no treatment [N = 1], empirical treatment with an antibiotic to which the strain concerned displayed intermediate susceptibility (N = 5) or resistance (N = 4), or treatment with an antibiotic inactive against Shigella (secnidazole, N = 1) presented a risk of late miscarriage and preterm birth in 73% of cases (N = 8/11). This difference was of borderline significance (Fisher's test; P = 0.053).
Microbiology. We obtained 36 isolates from stool cultures (34 maternal stool cultures and two neonatal stool cultures) and one from a neonatal gastric sample. Shigella flexneri accounted for 84% of the isolates obtained (N = 31/37) and S. sonnei accounted for 11% (N = 4/37). The species was not identified for two strains (5%). The susceptibility of the isolates to the antibiotics tested is summarized in T3   Table 3 . The isolates were resistant to penicillins (resistance rates of 80% for amoxicillin, 59% for ampicillin, 70% for ticarcillin, 16% for amoxicillin/clavulanic acid, and 8% for cefalotin) and cotrimoxazole (62%). All the isolates were susceptible to third-generation cephalosporins and fluoroquinolones. All bacteriological samples other than stool cultures were negative for Shigella (blood cultures, cytobacteriological examinations of urine, vaginal samples, and placenta cultures).
DISCUSSION
In addition to the symptoms accompanying the episodes of diarrhea (abdominal pain and fever), 61% of our patients with a term of less than 37 weeks [N = 17/28] presented uterine contractions. Cervical changes were associated with uterine contractions in 82% of cases (N = 14/17), defining a risk of late miscarriage (two cases) or of preterm birth (12 cases). Overall, 25% (N = 3/12) of the women presenting a risk of preterm birth gave birth prematurely, despite tocolytic treatment (with the death in utero of one fetus in a twin pregnancy). Three cases of mother-to-child transmission were identified.
This study has several limitations, the most important of which is the retrospective method used. Episodes of shigellosis do not necessarily require hospital consultation and were therefore probably largely underestimated. This study is therefore unlikely to be representative of all cases of shigellosis occurring in pregnant women during the study period. Nevertheless, it concerns the largest series of cases of shigellosis during pregnancy ever reported.
Few cases of shigellosis occurring during pregnancy have been described in previous studies. Markham and others provided the first description of a case of maternal septicemia associated with an intrauterine infection. The patient concerned was from Ghana and had stage 3 human immunodeficiency virus (HIV) infection. It was her first pregnancy and shigellosis occurred at 34 weeks and 2 days of gestation. She presented nausea, vomiting, and weight loss. Signs of fetal distress (a fetal heart rate anomaly) led to an emergency cesarean section. A maternal blood culture was positive for S. sonnei. The symptoms present at birth (alternation of irritability and lethargy) and the composition of the cerebrospinal fluid (hypoglycorrhachia AU6 , hyperleukocytosis, hyperproteinorachia) were consistent with neonatal meningitis, but a culture of cerebrospinal fluid was negative. The neonate presented no gastrointestinal signs. 3 Armor and others described a case of chorioamnionitis at term associated with neonatal bacteremia and pneumonia (with negative maternal blood cultures). 4 Rebarber and others described a case of shigellosis complicating premature membrane rupture and leading to congenital infection and preterm birth at 25 weeks and 6 days of gestation. The patient had bloody mucus-containing diarrhea, abdominal cramps, and nausea associated with premature membrane rupture. Signs of fetal distress (meconial liquid and a fetal heart rate anomaly) led to an emergency cesarean section. Cultures of maternal and fetal feces and of the placenta were positive for S. sonnei. Pathological examination of the placenta suggested chorioamnionitis. Culture of a sample from the upper end of the vagina was positive, whereas that of a sample from the lower end of the vagina was negative. The congenital transmission of the infection was considered to be hematogenous, despite the negative results obtained for maternal blood cultures. 5 Ruderman and others described a case of shigellosis due to S. sonnei associated with asymptomatic neonatal bacteremia, during the immediate Amoxicillin  16  20  80  Ampicillin  10  17  59  Ticarcillin  26  37  70  Piperacillin/tazobactam  0  37  0  Cefalotin  3  37  8  Cefotaxime  0  37  0  Ceftazidime  0  37  0  Cefoxitin  0  37  0  Imipenem  0  37  0  Tobramycin  0  37  0  Amikacin  0  37  0  Netilmycin  0  28  0  Gentamicin  0  37  0  Nalidixic acid  1  37  3  Ofloxacin  0  30  0  Ciprofloxacin  0  37  0  Cotrimoxazole  23  37  62 postpartum period. Maternal stool cultures were positive, whereas maternal blood cultures were negative. 6 Finally, a study based on samples of lower segments of the uterus dissected out during cesarean section showed that a dose of 10 5 Shigella/mL was sufficient to induce a significant increase in uterine contractile activity. 7 Neonatal shigellosis seems to be associated with higher rates of morbidity and mortality than shigellosis in older children. 8 Cases of necrotizing enterocolitis, septicemia, pneumonia, convulsions, meningitis, splenic necrosis, and pericardiac microabscesses have been described. [4] [5] [6] 9, 10 The published cases concern principally the species S. sonnei 3, 5, 6, 10 and Shigella boydii. This study is, to our knowledge, the first to provide a clinical description of an association between episodes of shigellosis during pregnancy and the occurrence of uterine contractions and cervical modifications. The consequences of shigellosis may therefore include miscarriage or preterm birth. Prematurity is a major risk factor for perinatal morbidity and mortality. The uterine contractions may be triggered by Shigella or may be a consequence of the infectious state itself (fever, peritoneal irritation, abdominal spasms). Certain serotypes of Shigella secrete toxins that may trigger uterine contractions (Shiga toxin, secreted by Shigella dysenteriae type 1; SHET1 toxin, secreted by some Shigella 2a strains; and SHET2 toxin, secreted by several Shigella strains of different serotypes and by enteroinvasive Escherichia coli).
11
Mother-to-child transmission may be congenital, following maternal bacteremia, as suggested by Rebarber and others in their study, in which Shigella was absent from the lower end of the vagina and present in the membranes, and by Markham and others, who observed the secondary neonatal transmission of septicemia in a patient with stage 3 HIV infection. The infection may also be transmitted during delivery, during passage through the genital apparatus or after the birth, through direct contact (hygiene and hand washing are therefore important for prevention). The symptoms then appear during the first few days of life. In this study, two cases of mother-to-child transmission were found to have resulted from maternal infection during the perinatal period. Indeed, at the time of the delivery, the two mothers concerned presented diarrhea and a febrile syndrome. Neonatal transmission seems to have occurred at the time of delivery, with neonatal symptoms appearing during the first 3 days after birth. The third case of mother-to-child transmission seems to have resulted from chronic maternal carriage of Shigella. The mother had no symptoms at the time of delivery and fetal infection was demonstrated by the presence of Shigella in the gastric sample collected for the neonatal examination. The neonate had no symptoms.
Similar complications are observed in cases of typhoid fever during pregnancy. Like Shigella, Salmonella typhi belongs to the Enterobacteriaceae. It causes chorioamnionitis secondary to septicemia of digestive origin. The potential complications of infection with this bacterium are miscarriage, fetal death in utero, neonatal infection, and diverse maternal complications.
Rehydration is the cornerstone of diarrhea treatment. However, antibiotic treatment is also required in cases of moderate and severe shigellosis, as it can decrease complications and disease transmission. In this study, the initiation of appropriate antibiotic treatment seemed to prevent the risk of preterm birth and late miscarriage (35% versus 75% for women not given appropriate treatment, P = 0.053). The three cases of mother-to-child transmission occurred in untreated patients in whom the infection was diagnosed after the fact. The antibiotics recommended by the World Health Organization (ciprofloxacin as a first-line treatment, ceftriaxone or azithromycin as a second-line treatment) are suitable for use in pregnant women. 13 In French Guiana, empirical treatment could be based on ceftriaxone or ciprofloxacin because the strains isolated locally are susceptible to these antibiotics. Particular attention should be paid to episodes of shigellosis in pregnant women, to prevent obstetric and neonatal complications.
CONCLUSION
Episodes of shigellosis during pregnancy seem to trigger uterine contractions and cervical modifications in some cases, potentially leading to late miscarriage or preterm birth. Prematurity is a major risk factor for perinatal morbidity and mortality. The uterine contractions may be caused directly by Shigella or may be a consequence of the infectious state. The obstetric and neonatal complications are potentially severe. Neonatal transmission may be congenital, following maternal bacteremia. It may also occur during delivery, during passage through the genital apparatus or after the birth, by direct contact (hygiene and hand washing are therefore important for prevention).
